In the elderly, Streptococcus pneumoniae is the most common cause of pneumonia and one of the most frequently isolated pathogens in cases of acute exacerbation of chronic obstructive pulmonary disease (AECOPD). This study was conducted to compare the pneumococcal isolates obtained during episodes of AECOPD and pneumonia in patients of >65 years old and to analyze whether in patients with AECOPD and pneumonia within a short interval, the same isolate caused both episodes. This laboratory-based study was performed between 2005 and 2008. Pneumococcal isolates from episodes of pneumonia (n ‫؍‬ 401) and AECOPD (n ‫؍‬ 398), matched one-to-one by date of isolation, were characterized. The serotypes and genotypes of other pneumococcal isolates causing pneumonia and AECOPD in the same patient were compared. In patients with pneumonia, COPD as an underlying disease was not associated with more-drug-resistant pneumococci. In contrast, isolates causing AECOPD showed higher rates of resistance than those causing pneumonia. Serotypes 1, 3, and 7F were more frequent in pneumonia. The same pneumococcus was involved in 25.7% (9/35 patients) of patients with two consecutive AECOPD episodes but in only 6.3% (2/32 patients) of COPD patients with pneumonia and exacerbation (Fisher's exact test; P ‫؍‬ 0.047). Less invasive serotypes were isolated more often in AECOPD and were more resistant to antimicrobials. The presence of a specific pneumococcal serotype in AECOPD does not predict the etiology of subsequent pneumonia.
The elderly are generally accepted to be more vulnerable to infections than younger people. Infectious diseases are a major cause of morbidity and mortality in the geriatric population. Increased susceptibility to infections has been attributed not only to anatomical, physiological, and/or immunological aging but also to an increase in the prevalence of chronic diseases, especially cardiovascular and pulmonary diseases (18) . Pneumococcal pneumonia is the leading cause of death attributable to infectious diseases in developed countries. To prevent pneumococcal disease in people over the age of 64 years, the 23-valent polysaccharide pneumococcal vaccine (PPV23) was introduced in our region (Basque Country, northern Spain) in autumn 2007. The 7-valent pneumococcal conjugate vaccine (PCV7) for children was introduced in Spain in June 2001, but the 13-valent conjugate vaccine (PCV13) was not introduced until June 2010.
Bacterial colonization in chronic obstructive pulmonary disease (COPD) contributes to airway inflammation and modulates exacerbations. The prevalence of bacterial colonization of the airways in stable COPD is high (20, 25, 28) . Most exacerbations are infectious, and Streptococcus pneumoniae is frequently found both in stable periods and in exacerbations. As a consequence of acute exacerbations, patients with COPD receive frequent courses of antimicrobial treatment, which has been associated directly with a higher prevalence of resistant pneumococci (2) .
The main aim of this study was to determine whether the serotypes and antimicrobial susceptibilities of S. pneumoniae isolates causing pneumonia or acute exacerbation of COPD (AECOPD) in patients over 64 years of age from the same region and in the same period were similar. A secondary aim was to discover if S. pneumoniae isolates causing pneumonia in COPD patients were related to the isolates identified during exacerbations.
MATERIALS AND METHODS

Study design.
A prospective laboratory-based study was performed in a university hospital between January 2005 and December 2008. Each year, the first 100 S. pneumoniae isolates from patients aged Ն65 years with a diagnosis of pneumonia were included (pneumonia group). These isolates were matched one-to-one with S. pneumoniae isolates from patients of the same age with AECOPD (AECOPD group). Demographic characteristics and clinical data were obtained for the patients in the pneumonia group by reviewing their medical records. Data on comorbidities (diabetes mellitus, renal failure, liver disease, malignancy, cardiopathy, nervous system diseases, obesity, and immunodeficiencies), mortality (up to 60 days), hospitalization, and antibiotic use in the month before the episode of pneumonia were collected (Table 1) .
Diagnosis of COPD was made using spirometric pulmonary function testing. For patients without recorded spirometric evaluation, the diagnosis of COPD was established according to the clinical diagnosis made by their pulmonologists. The following measures of lung function were used: forced expiratory volume in 1 s (FEV1) and forced vital capacity (FVC). All COPD patients had an FEV1/ FVC ratio of Ͻ70% (postbronchodilator) and a previous clinical history of coughing and sputum production on most days for at least 3 months per year for 2 consecutive years. AECOPD was defined as intensification of preexisting dyspnea, with an increase in the sputum production volume and/or purulence.
Patients and isolates. All patients included in the pneumonia group had radiologically confirmed pneumonia (new infiltrate on chest radiography) and an S. pneumoniae isolate recovered from blood, pleural effusion, or a lower respiratory tract specimen (bronchoalveolar lavage fluid, tracheobronchial aspirate, or sputum). Isolates obtained from the same patient were considered distinct episodes when specimens were recovered at least 2 months apart. For the AECOPD group, only expectorated sputum samples were obtained. For all sputum samples, fewer than 10 squamous epithelial cells and more than 25 polymorphonuclear cells were observed per low-power field (magnification, ϫ10).
All S. pneumoniae isolates were kept at Ϫ80°C, allowing all isolates from the same patient obtained on different dates to be compared. When more than one pneumococcal strain was isolated from the same patient in an interval of between 2 months and 1 year, these isolates were compared by means of serotyping, pulsed-field gel electrophoresis (PFGE), and antimicrobial susceptibility patterns. The isolate causing the pneumonia was compared with the isolate closest in time to the AECOPD episode. Pneumococci isolated during the two closest episodes of exacerbation were also compared.
Microbiological procedures. S. pneumoniae isolates were identified on the basis of their typical colony morphology, alpha-hemolysis on blood agar, optochin sensitivity, and bile solubility. Serotyping was performed using the recently developed Pneumoarray (17) , and serotypes were confirmed by the Quellung reaction, using polyclonal antisera (Statens Serum Institut, Copenhagen, Denmark), and/or by a multiplex PCR of specific capsular genes (17) . PFGE was performed as previously described (16) .
Antimicrobial susceptibility testing was performed by the broth microdilution method, using Clinical and Laboratory Standards Institute (CLSI) guidelines and criteria (8) . An isolate was considered multidrug resistant if it was oral penicillin nonsusceptible (MIC Ն 0.12 g/ml) and nonsusceptible to another two or more antimicrobial classes. Ertapenem susceptibility was studied in all S. pneumoniae isolates from patients with pneumonia by use of the Etest method (AB Biodisk, Solna, Sweden).
Statistical methods. Statistical analysis was performed using GraphPad InStat, version 3.05 (GraphPad, San Diego, CA). The chi-square test or Fisher's exact test was used to compare proportions. Means were compared by the unpaired t test. The chi-square test for trend was used to analyze trends. In all tests, P values of Ͻ0.05 were considered statistically significant.
RESULTS
Patients with pneumonia.
A total of 401 episodes of pneumococcal pneumonia corresponding to 394 patients of Ն65 years of age were included. The average age per episode was 77.1 years, and 111 (27.7%) episodes occurred in women; 304 (75.8%) isolates were obtained from lower respiratory tract specimens, 93 (23.2%) from blood, and 4 (1%) from pleural effusion.
Of the 401 pneumonias, 171 (42.6%) episodes occurred in 164 patients with COPD as an underlying disease. The remaining 230 pneumonia episodes occurred in the same number of patients without COPD (Table 1) . Although both groups (with and without COPD) showed similar demographic data and comorbidities, there were more males, more patients with cardiopathy, and more instances of previous antibiotic use in the last month in the group of patients with COPD.
No significant differences were found in antimicrobial resistance rates (Table 2 ) or in serotype distributions of pneumococci from invasive (blood or pleural liquid) and respiratory samples for patients with pneumonia stratified according to the presence or absence of COPD. Ertapenem susceptibility testing showed that all pneumococcal isolates from patients with pneumonia were ertapenem susceptible. The ertapenem MIC 50 and MIC 90 were 0.006 g/ml and 0.19 g/ml, respectively (range, Յ0.003 g/ml to 0.75 g/ml).
Comparison of pneumococci isolated from episodes of pneumonia and AECOPD. Overall, 799 nonduplicated S. pneumoniae isolates were included in this part of the study, including isolates from the above-mentioned 401 episodes of pneumonia and isolates from 398 episodes (371 patients) of AECOPD. The average age per AECOPD episode was 75.9 years, and 58 (14.6%) episodes occurred in women. Given the microbiological information, cultures were monomicrobial (only the pneumococcus was reported) in 295/398 cases (74.1%). In the remaining 103 cases (25.9%), another species besides S. pneumoniae was recorded, mainly Haemophilus influenzae (47 episodes [11.8%] ) and Pseudomonas aeruginosa (27 episodes [6.8%]). However, based on Gram staining and the colony counts in culture, only pneumococcal isolates were taken into consideration.
S. pneumoniae isolates from patients with AECOPD showed on July 4, 2017 by guest http://aac.asm.org/ higher prevalences of resistance to penicillin, erythromycin, azithromycin, clindamycin, tetracycline, and levofloxacin than did isolates from patients with pneumonia. Multidrug resistance, defined as nonsusceptibility to oral penicillin (MIC Ն 0.12 g/ml) and nonsusceptibility to another two antimicrobials, was found in 4% (16/401 isolates) of isolates from patients with pneumonia and in 8.3% (33/398 isolates) of those from patients with AECOPD (P ϭ 0.01). In both groups, the most frequent multidrug resistance pattern included resistance to penicillin, erythromycin, clindamycin, and tetracycline. From 2005 to 2008, there were significant decreases in the percentages of resistance to oral penicillin (18.6% to 10.4%; P value for trend ϭ 0.036), trimethoprim-sulfamethoxazole (20.6% to 10.4%; P ϭ 0.028), and ciprofloxacin (10.3% to 3.1%; P ϭ 0.015) among isolates from patients with pneumonia; however, a decrease in the percentage of resistance to ciprofloxacin only (14.6% to 6.3%; P ϭ 0.009) was found for isolates from patients with AECOPD (Table 3) . No increase in resistance rates was observed for any of the antimicrobials studied for isolates from the two groups of patients between these years.
The dominant serotypes among pneumonia and AECOPD pneumococcal isolates partially overlapped, but the percentages of each serotype in the groups were dissimilar ( Fig. 1 and Table 4 ). The most prevalent serotype in patients with pneumonia was serotype 3, which was isolated almost three times more frequently in pneumonia episodes (n ϭ 86) than in AECOPD (n ϭ 30). Serotypes 3, 1, and 7F were isolated more Overall, no difference in the distributions of serotypes included in the 7-valent conjugate vaccine (PCV7 serotypes) was found between the two groups of patients, but the percentages of PCV13 and PPV23 serotypes were higher for patients with pneumonia (Table 4) . Additionally, among patients with pneumonia, the prevalences of serotypes included in PCV7, PCV13, and PPV23 decreased throughout the 4 years of the study, from 31%, 71%, and 88% to 7%, 57%, and 66%, respectively (P Ͻ 0.05 for all trends).
No difference in the percentages of nonsusceptibility was observed between isolates of the same serotype obtained from patients with pneumonia or with AECOPD. Nonsusceptibility was associated mainly with certain serotypes, such as serotype 14, which showed percentages of oral penicillin nonsusceptibility above 75% and was frequently accompanied by resistance to other antimicrobials. The highest percentages of nonsusceptibility to erythromycin, clindamycin, and tetracycline were observed with serotype 19F. The most frequent serotypes, serotypes 3, 1, 7F, and 22F, were generally susceptible to most of the antimicrobials tested. In contrast, nontypeable isolates, which were isolated exclusively from patients with AECOPD, showed high percentages of nonsusceptibility.
Comparison of S. pneumoniae isolates from the same patient. We compared the serotypes and PFGE patterns of two pneumococcal strains isolated from the same patient in two consecutive episodes of the following: (i) one episode of exacerbation and one of pneumonia or (ii) two consecutive episodes of exacerbation. The interval separating these episodes was between 2 and 12 months for both groups, with an average of 4.7 (95% confidence interval [95% CI], 3.6 to 5.8 months) months for the pneumococci isolated from exacerbation and pneumonia episodes and an average of 4.9 (95% CI, 4.2 to 5.7 months) months for the pneumococci isolated in two consecutive episodes of exacerbation.
There were 32 COPD patients who met the criterion of having a pneumococcal isolate from one episode of exacerbation and another from an episode of pneumonia in a period of less than 1 year. For 30 (93.75%) of these patients, the serotypes isolated in the exacerbation and the pneumonia episodes were different. For the remaining two patients, both isolates had the same serotype (serotypes 3 and 31) and the same antimicrobial susceptibility and PFGE patterns.
In the same period, 35 COPD patients with two pneumococcal strains isolated in two consecutive episodes of exacerbation were included. Among these, the same serotype was isolated in both episodes for 9 (25.71%) patients, a percentage much higher than the 6.25% (2/32 patients) incidence observed for patients with pneumonia and exacerbations (P ϭ 0.047 by Fisher's exact test).
DISCUSSION
Streptococcus pneumoniae isolates obtained from AECOPD patients were more resistant to the antimicrobial agents generally used in the treatment of pneumococcal infections than those isolated from patients with pneumonia. Statistically significant differences were found in susceptibilities to penicillin, macrolides, tetracycline, and levofloxacin and in the prevalence of multidrugresistant isolates. This result was expected, as patients with COPD usually receive antimicrobial treatments because of frequent acute bacterial exacerbations and the association between antibiotic consumption and antimicrobial resistance has been demonstrated widely (2, 23, 26) .
A striking finding was that for patients with pneumonia, no difference in the antimicrobial resistance of isolates from patients with or without COPD as the underlying disease was observed. We could have expected a higher frequency of nonsusceptible pneumococci in COPD patients with pneumonia. In fact, gender, previous antibiotic treatment, and cardiopathy were the only differences between patients with pneumonia with and without COPD. Another two studies performed in Spain found no differences in the antimicrobial resistance of pneumococci causing pneumonia in COPD and non-COPD patients (7, 31) .
Pneumococcal serotypes causing pneumonia differed from those causing AECOPD. The different serotype distributions in patients with AECOPD and pneumonia explain the differences in antimicrobial resistance, as no difference in antimicrobial resistance was observed for a given serotype, regardless of the origin of the isolate (pneumonia or AECOPD). In contrast, the distributions of serotypes causing pneumonia did not differ in patients with and without COPD, suggesting that the different serotype distributions seem to be related to the disease caused by the serotype rather than to the patient's history of COPD. Our results suggest that some serotypes are less "alveoli invasive" (they have a lower capacity to reach the alveoli) and thus cause pneumonia less frequently than AECOPD.
To determine whether the differences in the pneumococci involved in pneumonia and AECOPD observed in the two groups of patients could also be found in individual patients, we compared the isolates from the two closest episodes of AECOPD and pneumonia that occurred within a short interval in the same patient. Typically, the serotype of the AECOPD episode was unrelated to that of the pneumonia episode. In contrast, we observed that different episodes of AECOPD were more frequently caused by the same serotype.
Pneumonia can be considered a more disseminated or invasive disease (affecting alveoli and bronchioles) than AECOPD, which is characterized by inflammation that normally affects only the bronchi. Several studies have shown that isolates causing invasive disease are usually more susceptible to antimicrobial agents than noninvasive isolates (11, 13, 15) . It is not clear whether this apparent "fitness cost of resistance" decreases the ability of resistant isolates to cause invasive-or at least more severe-disease or whether the development of resistance is caused by a greater ability to remain commensal. The results of this study suggest that it is due to the latter possibility, that is, that certain serotypes have a greater capacity to remain as commensals in COPD patients during periods without clinical manifestations of infection, thus facilitating their participation in new episodes of AECOPD. This persistence of isolates in the airways of COPD patients during cycles of antimicrobial treatment of acute bacterial exacerbations is known to favor the development of resistance (2, 23) . An inverse correlation between the prevalence of carriage and invasiveness has been reported (4, 5, 27, 29) . In the present study, serotypes 1 and 7F, two commonly invasive serotypes, were isolated more frequently from patients with pneumonia. In contrast, serotypes rarely responsible for invasive infection, or typical colonizers such as serotype 15A, as well as nontypeable isolates, were isolated more frequently from patients with AECOPD. Possibly, the pneumococci that remain in the bronchi of patients with COPD have greater difficulty in producing pneumonia. Apart from the decreased ability of some pneumococcal serotypes to evade the local innate immune response, the greater immune stimulus produced by the capsular polysaccharide in causing the pneumonia would hamper the continued presence of the same serotype in the bronchial tree after the disease has been overcome. One limitation of our study is that medical records were collected retrospectively and some spirometric data were not available, making it impossible to establish a possible relationship between specific serotypes and GOLD (NHLBI/WHO Global Initiative for Chronic Obstructive Lung Disease) (21) status.
Several studies of pneumonia found that serotype 3, the most frequent serotype causing pneumonia in Spain, was very often associated with severe disease in the elderly (3, 12, 14) . Although serotype 3 was isolated very frequently in the present study, both from patients with pneumonia and from those with AECOPD, it was isolated more often from patients with pneumonia. Among the main problems hampering the choice of an appropriate empirical antibiotic treatment of S. pneumoniae infections are the current high levels of antimicrobial resistance. In the present study, overall levels of nonsusceptibility to oral benzylpenicillin (13.4%), amoxicillin (2%), cefotaxime (1%), erythromycin (12%), and levofloxacin (0.8%) in S. pneumoniae isolates from elderly patients with pneumonia were lower than the percentages of resistance described in other studies of pneumococcal pneumonia performed in Spain (7, 14, 30, 31) . Additionally, and in agreement with recent studies (10, 24, 31) , the trend toward a decrease in nonsusceptible S. pneumoniae isolates seems to be continuing and is associated with a decrease in episodes of pneumonia caused by PCV7 serotypes. PCV7 childhood vaccination in our region seems to have had a beneficial effect in diminishing the (8) , none of the isolates causing pneumonia were resistant and only 1% of the isolates obtained during AECOPD episodes showed resistance. Among betalactam antimicrobial agents, amoxicillin, cefotaxime, and ertapenem demonstrated good in vitro activity. In our study, none of the strains were resistant to ertapenem, and the MICs obtained for this antimicrobial correlated with those obtained for amoxicillin, although the intrinsic activity of ertapenem was higher. Ertapenem is a bactericidal antibiotic that has shown efficacy against elderly human pneumonia (19) and in a murine model of acute pneumonia (9) . Given that only 8 of 401 (2%) isolates showed an ertapenem MIC of Ͼ0.25 g/ml, a daily dose of 1 g a day would be adequate (6) .
Macrolide nonsusceptibility levels were similar to those for oral benzylpenicillin and were associated with both the PCV7 serotypes 19F and 14 and the non-PCV7 serotypes 19A and 15B. However, unlike the case for oral benzylpenicillin, no decreasing trend in macrolide resistance was observed throughout the study period. The decrease in the prevalence of PCV7 macrolide-resistant serotypes was balanced by the increase of macrolide-resistant non-PCV7 serotypes.
Since the introduction of fluoroquinolones for the treatment of respiratory infections, the increase in fluoroquinolone resistance has been linked to an increase in its use (1, 23) . In our study, levofloxacin resistance levels were very low, but we also observed a significant decrease in ciprofloxacin-resistant isolates from patients with pneumonia from 2005 to 2008, which, as in the case of penicillin, was associated with a decrease in the incidence of serotype 14 infections.
In conclusion, we observed differences in serotype distribution and drug resistance among S. pneumoniae isolates causing AE-COPD and pneumonia over a 4-year period in elderly patients of the same age living in the same region. Further investigations will be needed to determine the extent to which the pneumococcal capsular type (serotype) plays a role in the clinical manifestations of the disease and to identify its relationship with host immunity.
